Imaging organic materials at the nanoscale as well as analyzing their local atomic structure has been a long-time challenge because of the weak scattering from carbon-based materials, their amorphous structure and beam sensitive nature. Here, we propose a new low-dose approach for imaging the phase distribution and for analysing the local structure of amorphous or semi crystalline organic materials [1] based on scanning transmission electron diffraction (4D-STEM) pair distribution function analysis (PDF) [2] .
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We show that PDF analysis of electron diffraction [3] can be used to characterize the short-and mediumrange order in aperiodically packed organic molecules. It allows to decode the complex structural information encoded in the amorphous features of the diffraction pattern. For example, as shown in figure  1 , the structural evolution due to electron beam damage can be monitored by comparing the PDFs with molecular dynamic (MD) modelling derived structures. This allows to understand the molecular packing and beam induced bond breakage. Moreover, we show that 4D-STEM-PDF (figure 2) does not only provide local structural information with a resolution of a few nanometers, but can also be used to image the phase distribution of organic composites. The distinct and thickness independent contrast is generated by utilizing the structural difference between the different types of molecules and taking advantage of the dose efficiency due to use of the full scattering signal. Therefore, this approach is particularly interesting for imaging unstained organic or polymer composites without distinct valence states for electron energy loss spectroscopy. In addition, we will also demonstrate that the 4D-STEM data can not only help us to optimise the conditions of convergence/scattering angle in conventional STEM-BF/DF to image the phase distribution of organic molecules with reduced dose, but also provides phase contrast for ultralow dose imaging.
We explore the possibilities of this new approach using [6,6]-phenyl C61-butyric acid methyl ester (PCBM) and poly(3-hexylthiophene-2,5-diyl) (P3HT) as the archetypical and best-investigated semiconductor blend used in organic solar cells and compare our phase distribution with virtual dark-field analysis and validate our approach by electron energy loss spectroscopy [4].
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